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(57) [Abstract] 
[Objective] 

Decreasing thermal damage, to round it converts waveguide 
pattern. 

[Constitution] 

Laminating bottom cladding layer 125 and core layer 150 in 
silicon substrate 1 10 and following to the predetermined 
pattern and in order to leave portion, dry etching doing, it 
forms the waveguide pattern 180 (Figure 1 (a ) (b ) (c )). 

Light 170 from carbon dioxide gas laser light collection is 
done, waveguide pattern 180 partially ismelted (Figure 2 (d )). 

scan doing light 170 and lens 160, it moves slowly alongside 
the pattern of waveguide. 

In trajectory of melting zone 130, melting once, becoming 
firm, portion which it is possible is formed, waveguide pattern 
190 which has become round isformed (Figure 2 (e )). 

It accumulates upper part cladding layer 120 and sinters, it 
imbeds waveguide pattern 1 90 which hasbecome round. 

(Figure 2(f)). 
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Specification 
[000 l] 

[0002] 



[Claim(s)] 
[Claim l] 

On substrate after forming core layer where index of 
refraction is large the bottom cladding layer after forming, in 
comparison with aforementioned bottom cladding layer , the 
predetermined waveguide pattern providing, 

light collection doing light from light source in locality 
domain of theaforementioned waveguide pattern, after 
aforementioned waveguide pattern melts, 

cladding layer where index of refraction is small furthermore 
in comparison with theaforementioned waveguide pattern is 
formed on aforementioned substrate forming methodo of 
waveguide which is made feature 



[Description of the Invention] 
[000 1] 

[Field of Industrial Application] 

As for this invention, it regards waveguide which is a one of 
optical component in communications information treatment 
field. 

[0002] 
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[ft*<D&ffi] 

m%ii&fttfLl5&tLX\t, % 18 #m 12 
^(1989J2)p.681j(ZffiK$^T^^cfc5^^}£ 

So 

[0003] 

^ ;£ (IEEE PHOTONICS TECHNOLOGY 
LETTERS,VOL.3.N0.3.MARCH 1991 P.238 ) 

ztz. % ic ftmzz<Dm : ,mzMf&?%m£. 
zo^iz^ mimiz* ic (om^mmtLxm 

[0004] 

*%mz. m&nmm&iz&fr. mw<&*- 

[0005] 

[SH^^^fc^cD^S] 



[Prior Art] 

As waveguide forming method, kind of method which is 
stated in "optics Vol. 18 12th number (1989. 12) p.681 " is 
general. 

When this method is explained simply, it has become 
following way. 

On substrate, bottom cladding layer and core waveguide layer 
are laminated. 

In order next, to leave predetermined pattern, etching doing 
core waveguide layer, itprocesses waveguide pattern. 

And, laminating upper part cladding layer, it draws up 
waveguide. 

[0003] 

[Problems to be Solved by the Invention] 

With aforementioned waveguide forming method, it processes 
waveguide pattern with etching. 

Because of that, as for cross section with rectangular , case 
ofconnection with fiber there is a deficiency that connection 
lossbecomes large with mode mismatch . 

As this countermeasure, after processing waveguide pattern, 
substrate entirety is heated and theto round is converted 
method (IEEE pH OTONIC S TECH NOLOGY 
LETTERS, VOL.3.N0.3.MARCH 1991 P.238 ) which has 
been known waveguide pattern. 

But, with this method, there is a problem that with waveguide 
pattern substrate % cladding layer strain is with puts away 
with thermal damage when heating. 

In addition, when this waveguide is formed in optical IC 
internal, thermal damage isgiven to other element which was 
accumulated together. 

This way, waveguide is important ones as basic technology of 
optical IC,but it had possessed problem an above-mentioned 
way. 

[0004] 

As for this invention, you consider to aforementioned 
problem, decrease thermal damage and to round convert 
waveguide pattern, waveguide which canconnect with fiber 
satisfactorily it is offered you make objective. 

[0005] 

[Means to Solve the Problems] 

In order to solve above-mentioned problem, forming method 
of waveguide of this invention, after laminating bottom 
cladding layer and core waveguide layer on substrate, 
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itprovides predetermined waveguide pattern, light from light 
source light collection does in locality domain of waveguide 
pattern and after aforementioned waveguide pattern melts, 
cladding layer where index of refraction is small furthermore 
in comparison with waveguide pattern it isformed it makes 
feature on substrate. 

[0006] 

[Working Principle] 

With forming method of waveguide of this invention, just 
locality domain of waveguide pattern melts with light from 
light source which light collection is done. 

locality domain becomes round this time, depending upon 
surface tension of the bottom cladding layer. 

When locality domain which it melts is moved alongside 
waveguide pattern, one time locality domain which is melted 
does solidification, waveguide pattern which has 
becomeround is formed in trajectory . 

When here, waveguide pattern is formed roundly concerning 
just necessary portion , if portion should have been melted. 

When and, cladding layer where index of refraction is small 
furthermore in comparisonwith waveguide pattern is formed 
on substrate, waveguide which designates the waveguide 
pattern as core is formed. 

[0007] 

[Working Example(s)] 

Figure 1 is something which shows outline of step of one 
Working Example of this invention. 

Referring to this figure, you explain step. 

[0008] 

First, silicon substrate (Sisubstrate ) predetermined time 
thermal oxidation doing 1 10, it makes Si0 2 and afterforming 
bottom cladding layer 125, (Figure 1 (a )), 10;mu m extent it 
forms core layer 150 of S1O2 which raises index of refraction 
with predetermined impurity concentration distribution with 
flame deposition technique (FHD ) (Figure 1 (b )). 

Next, following to predetermined pattern, in order to leave 
portion, dry etching doing, it forms waveguide pattern 1 80 
(Figure 1 (c )). 

And, light 170 from carbon dioxide gas laser with lens 160 
light collection is done in the domain of size 8 ;mu m;ph 
extent on waveguide pattern 180, waveguide pattern 180 
partially is melted (Figure 2 (d )). 

This time, melting zone 130 which waveguide pattern 180 
melts becomes round depend ingupon surface tension of 
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bottom cladding layer 125. 
[0009] 

Next, scan doing light 170 and lens 160, it moves melting 
zone 130 slowly alongside waveguide pattern 180. 

In trajectory of melting zone 130, melting once, becoming 
firm, portion which it is possible is formed, waveguide pattern 
180 which has become round isformed (Figure 2 (e )). 

doped doing fluorine after forming waveguide pattern 1 90, 
with FHD, or CVD it accumulates upper part cladding layer 
120 of Si0 2 which it makes the low index of refraction and 
sinters, imbeds waveguide (Figure 2 (f )). 

With Figure 2 (e ) it is difficult to understand, but as for end 
of waveguide pattern 190 cross section of incident light 
direction has become round, when upper part cladding layer 
120 is accumulated on this, end stops appearing in outside. 

Because of that, end of waveguide is ground, end isexposed. 
[0010] 

As for waveguide which was drawn up in this way cross 
section of portion which is melted once has become round, 
has become similarity to the cross section of fiber round ones 
especially, concerning end. 

Because of that, when you connect with fiber with this end, 
youcan obtain satisfactory mode matching, have decreased 
connection loss. 

[0011] 

Aforementioned way, in order to round to convert core of 
waveguide, it melts just waveguide surface after forming 
waveguide pattern, drawing by irradiating light of gas laser 
which is packed in portion of waveguide pattern and to round 
converts. 

Now, substrate entirety is heated not to be, thermal damage 
for mostpart stops being, strain of substrate or cladding layer 
is held down. 

In addition, just necessary portion also fact that melting zone 
ismoved being possible, limiting to just end etc of for 
example waveguide, itmelts when, from, it means that thermal 
damage decreases. 

Especially, when it uses for optical IC, thermal damage is 
given to thevarious element of optical component (With 
photoelectric integrated circuit electronic part etc) which 
forms IC is not ,for most part satisfactory optical IC is 
produced becomespossible. 

In addition, when by fact that end of waveguide is meltedthis 
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portion becomes spherical shape, etching does just cladding 
layer , this portion exposes and reaches point where incidence 
& radiationefficiency improve. 

[0012] 

As for this invention various deformation are possible not just 
theaforementioned Working Example. 

[0013] 

Because absorption wavelength band match it has done, 
carbon dioxide gas laser was used to for example light 
source , but if it is something which can melt waveguide 
pattern making useof other light source it is good. 

In addition, bottom cladding layer thermal oxidation Si0 2 core 
Si0 2 ^ upper part cladding which has predetermined 
impurity concentration distribution wasdesignated as Si0 2 of 
fluorine doped, but if there is a similar refractive index 
difference,it is good even with other combination. 

Furthermore, melting point to be high used silicon where 
thermal conductivity isgood to substrate , but it is not limited 
to this. 

[0014] 

[Effects of the Invention] 

Sort above according to forming method of waveguide of this 
invention, light collection doing light from light source, 
melting waveguide pattern in localized,because it forms 
waveguide pattern roundly, it makes thermal damage small, it 
ispossible , in addition, it draws up waveguide which was 
formedroundly concerning just necessary portion it to be 
possible,it can make thermal damage smaller. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

conceptual diagram 0 of step of this invention 
[Figure 2] 

conceptual diagranu of step of this invention 
[Explanation of Symbols in Drawings] 
110 

Sisubstrate 
110 
120 
110 

upper part cladding layer 
110 
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125 
110 

130 

130 
180 
130 
190 
130 

Drawings 
[H1] 



125 
110 

bottom cladding layer 
130 

melting zone 

130 

180 

130 

190 

130 

waveguide pattern 
[Figure 1] 
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